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LED-BBCEAS operating principles (1)

BBCEAS is an optical absorption spectroscopy

Molecules identified by their absorption features at characteristic wavelengths

Molecular concentrations retrieved by fitting absorption features with reference absorption 

cross sections (same principle as DOAS) 

Light source = light emitting diode

Near-UV wavelengths for HONO detection

Detector = spectrograph + CCD camera

Spectral coverage 30 nm (at 0.1 nm spectral resolution)
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Sample is contained inside a cavity formed by two highly reflective mirrors

Cavity length = 1 metre. 

But multiple reflections effective path length of absorption measurement = 3 km   

sub-ppbv sensitivity!

Key equation 

LED-BBCEAS operating principles (2)
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Light intensity transmitted through an empty cavity 

(e.g. purged with aerosol-free, dry nitrogen)

Cavity length

Cavity mirrorôs reflectivity 

(re-measured each day using a 

sample of known composition, 

e.g. O4 bands in pure oxygen)

Light intensity transmitted through cavity & sample

Sampleôs absorption spectrum



BBCEAS spectra & retrievals (1)

ñPureò HONO from a synthetic source



BBCEAS spectra & retrievals (2)

HONO and NO2 in a mixture

Concentrations of both absorbers 

measured by fitting their different 

contributions to the spectrum 

NO2 retrieval

HONO retrieval 

Acquisition 

time

Typical HONO 

sensitivity

15 sec 200 pptv

120 sec 80 pptv



Left = light source, spectrograph + CCD, control 

electronics in one 19 inch rack

Below = ringdown cavity on optical rail

Light is coupled into/out of the cavity via optic fibres

Power requirements: 8 A at 230 V (power to 19 inch rack only) 

Gases: normal operation = N2 to purge cavity mirrors (0.5 slpm); 

start & end of an experiment = N2 to purge cavity for reference 

spectra (5 slpm) and O2 for mirror calibration spectra (5 slpm)

Fibre optic cables & ¼ inch nitrogen 

line to purge cavity mirrors

Instrument photos


